been studying the growth of S. griseu or developing new strains. Nevertheless, in 1949, Hoehn isolated from soil of this area several phages active against S. grieus. Chang (1953) worked on the characterization of these phages and their host specificity. Rice (1953) found that neither aerial nor submerged spores were susceptible to the phage. It has been the purpose of this work to develop and study strains of S. griseus resistant, but not lysogenic, to phage.
A resistant culture is one which is not visibly lysed by the phage in question either on agar or in broth. It does not produce phage when grown in pure culture or when grown with a sensitive host. The factor of primary interest is that these resistant cultures are not lysed by the phage although it is adsorbed from the medium. The adsorption of phage on resistant straphylococci has been reported before (Henry and Henry, 1946) . This work and ours are contrary to the generalization that phage is adsorbed only by hosts capable of supporting its multiplication (Anderson, 1949) . It has been reported recently that resistant strains of Escherichia coli do not adsorb phage (Lieb, 1953) .
MATERIALS AND METHODS
In most of the present work S. griseus no. 4 which produces streptomycin was used. It was obtained from Dr. Waksman in 1947 and designated as strain 1947, sensitive parent. The phage used was W2a which was isolated by Hoehn eight of these colonies were tested for resistance, and about one-third were found to be resistant by critical definition. Therefore, approximately one resistant strain per million original spores was found, a logical rate to expect from preexistent chance mutation if resistance is a phenomenon of bacterial mutation.
Proof of resistance. Of the resistant strains developed by the first method the more heavily sporulated and more typical S. griseus colonies were chosen to test for resistance. All colonies resulting from the second method were picked. The colonies were transferred to agar slants and subsequently tested for resistance in broth and on agar. Triplicate broth cultures were inoculated as follows: (a) with the test strain alone, (b) with the test strain and phage, and (c) with the test strain and the parent sensitive strain. The (a) and (c) cultures were plated out with sensitive host spores at 12, 24, 48, and 96 hours to look for evidence of phage by plaque formation. The (b) culture was compared for visual lysis to a sensitive strain with added phage and was also plated out at the above hours to detect any multiplication of the phage.
The agar plate tests were: (a) plating the resistant strains alone to detect plaques, (b) plating with sensitive strain 1947 spores to detect any phage by lysis of the sensitive host, and (c) plating with phage to see if added phage would cause lysis.
Strains that were not lysed in broth or on agar by a high titer of phage were considered to be resistant and not sensitive. If the same strains gave no evidence of phage when grown alone or with a sensitive strain, they were called resistant and not lysogenic. These strains were retested after 10 transfers and at the end of a year and were still resistant.
Adsorption of W2a phage on the resistant strains. The percentage of adsorption of phage on its host and the length of the latent period vary not only with the strain, but also with the medium, especially the calcium concentration, pH, aeration, and age of culture. For the first set of experiments our procedure was standardized by using the parent strain 1947, and then comparing its capacity to adsorb the phage to that of the resistant strains at optimum conditions for the parent. The most complete adsorption (90 per It is interesting to note adsorption on M366P1, a "resistant" strain obtained from Abbott Laboratories. Our W2a phage is adsorbed on it in the same manner with release but no multiplication. Also of interest is the activity of other Streptomyces phages in our collection on these resistant strains. Specificity studies made by Chang (1953) divided the 6 phages into 3 pairs according to their activity on 9 strains of S. griseus and on 9 other species of Streptomyces. When these phages were tested with our resistant strains, it was found that phage B (Bristol) propagates on the sensitive parent and is adsorbed to and released from the resistant strains in the same manner as W2a. Phages W-5 and C-131 both adsorbed to and propagated on the parent sensitive and resistant strains, with a latent period of approximately one hour. W-1 and W-3 phages were similar in that adsorption was poor on either the parent sensitive or resistant strains. The significance of the above behavior is that our resistant strains to phage W2a are also resistant to a similar phage, B, but not to the other four phages tested.
Several lines of evid as to the fate of the phage after adsorption to the resistant host cell. Adsorption of 90 per cent of the free phage has been demonstrated on young resistant mycelium. The release of this phage from the resistant cells was noted by following the titer of the free phage in B16 medium for 55 hours after the addition of phage (figure 3). The data show that the phage was attached to the resistant strains for approximately 8 hours, and that there followed a gradual release of phage from 8 through 55 hours. The age of the cultures during this period was actually 24 through 71 hours since 16 hour cells had been used for the experiment. As usual, the cultures began to segment between 30 and 33 hours (actual age). Release of the phage started just before this and continued at a steady rate. The titer of free phage rose to the original level but not significantly beyond the original of 2.4 X 107 phage particles per ml. At 71 hours the titers in experiments with 4 resistant strains were as follows: RI-36-2.7 X 107; RI-37-2.6 X 107; RI-38-2.5 X 107; RI45-2.2 X 107. It is interesting that the release of the phage starts at the time that the mycelium begins to segment. One-step growth curves were run to test for the propagation of the phage on the resistant cels. These experiments were set up with peptone adsorption medium and a 35 minute adsorption period. Then the sensitive control with phage and the resistant strains with phage were diluted 1:100 to prevent further adsorption, and the titer of the free phage determined through a 4 hour period. The sensitive parent showed multiplication of the phage within one hour, but the resistant strains showed none through the 4 hours, thus indicating no propagation of the phage on the resistant strains (figure 4).
Another experiment to detect propagation was
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[VOL. 70 run by serial dilution. In this work 1 ml phage (107 per ml) was added to 100 ml of 12 hour mycelium of the resistant cultures. Every 48 hours the cultures were transferred by adding 1 ml of the old culture to 100 ml of new broth. The titer of the total phage was followed. By the fourth transfer all phage was lost by serial dilution, thus indicating no propagation.
The above work has shown that the phage is adsorbed to the resistant cells, and that in B16 medium there is eventually a release with no propagation. The purpose of the second set of experiments (with the synthetic urea medium) was to show whether the phage entered the resistant cell, after its adsorption, or remained attached to the exterior of the host.
It was first determined that concentrations of 0.5 m NaCl or greater added at zero time would completely inhibit adsorption and reproduction of W2a phage with the sensitive strain 1947. If the phage adsorbed to a resistant host remains on the exterior of that host, it should be possible to desorb the phage at will by addition of a suitable electrolyte in sufficient quantity to reverse the primary ionic adsorption step. With this in mind, 0.5 M NaCl was added at various times to the urea adsorption medium containing resistant host cells and 104 particles of phage per ml. The results show that phage desorption occurs immediately upon addition of NaCl and is complete within 5 min (figure 5). If 0.5 M NaCl is added at zero time, no adsorption of W2a phage occurs with the resistant or sensitive host. As seen from the figure, NaCl can be added at various times between 0 times and 4 hours (before and after maximum adsorption had occurred but before any release according to previous data). No matter when the NaCl was added, the desorbed phage showed a titer equal to that of the phage originally added; this indicates complete removal of the phage and also no multiplication. Thus desorption can be made to occur at will, i.e., before a resistant host would normally release its phage, if no NaCl were added (approximately 13 hr).
The following experiment was run under similar conditions, except that antiserum active against W2a phage was added to one set of tubes. The serum was added at 1-100 dilution after maximum adsorption of phage to the resistant host had occurred. NaCl was also added at a 0.35 per cent (0.06 M) level to all tubes and at this low level served merely as an electrolyte for antibody-phage attachment. The results show that phage is adsorbed to the resistant cells and that release of the phage occurs by 13 hours (figure 6). The antibody added to a duplicate a TIME, HR Figure 5 . Effect of NaCl addition on release of phage adsorbed to a resistant strain. developed which retain indefinitely their resistant state toward the phage with which they were developed, but were not resistant to unrelated phages. These strains adsorb the phage to which they are resistant and release it without multiplication. It is postulated, from three lines of evidence, that the phage was carried externally on the resistant strains. Release of phage occurs upon aging of the resistant host, or can be made to occur at will by reversal of the prmary adsorption step by ionic exchange. Addition of antiserum to a resistant strain with phage adsorbed to that strain inactivates all free phage. Upon removal of the antiserum, the free phage titer immediately begins to increase.
